Human astrovirus infection often causes outbreaks of self limiting diarrhoea, but may also infect patients who are immunodeficient or immunocompromised. Although there are previous publications relating to various aspects of astroviruses, there is a minimal amount of literature on the histopathological features of gastrointestinal astrovirus infection in humans. We report the histopathological findings, including immunohistochemical and electron microscopic features, of astrovirus infection in a bone marrow transplant recipient aged 4 years with diarrhoea. The appearance of a small intestinal biopsy did not suggest graft versus host disease, but demonstrated villous blunting, irregularity of surface epithelial cells, and an increase in lamina propria inflammatory cell density. Immunohistochemical staining with a murine astrovirus group specific monoclonal antibody demonstrated progressively more extensive staining in the duodenal and jejunal biopsies, predominantly restricted to the luminal surface and cytoplasm of surface epithelial cells, most marked at the villus tips. Electron microscopic examination demonstrated viral particles within the cytoplasm of enterocytes, focally forming paracrystalline arrays.
A stroviruses-single stranded RNA viruses-were first detected by Appleton and Higgins in 1975 as the causative agent of an outbreak of diarrhoea and vomiting in a maternity unit in Brighton, UK. 1 Subsequently, astroviruses were found in the faeces of lambs, 2 calves, 3 and piglets. 4 In recent years, the application of reverse transcription polymerase chain reaction and commercial enzyme immunoassays 5 6 for the examination of faecal extracts has established that human astroviruses are an important cause of diarrhoea and vomiting in infants and the elderly. Astrovirus often infects patients with human immunodeficiency virus 7 and patients who are immunodeficient or immunocompromised. 8 9 Although there are several publications relating to various aspects of astroviruses, there is only one brief previous report of the histopathological features of astrovirus infection in humans, which showed the presence of particles in a duodenal biopsy. 10 Studies in experimentally infected lambs 11 showed that astroviruses infected only mature enterocytes and subepithelial macrophages in the small intestine, resulting in villus atrophy. Enterocytes containing intracytoplasmic vacuoles and inclusions and degenerate nuclei were seen. Electron microscopic examination revealed the presence of virus particles, sometimes in paracrystalline arrays, along the microvilli and in lysosomes and autophagic vacuoles; virus particles were also detected in lysosomes in macrophages in the lamina propria. In contrast, the bovine virus was found preferentially to infect the epithelium covering the dome villi of the jejunal and ileal Peyers patches.
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Immunofluorescence and electron microscopic examination revealed infection in M cells and in absorptive enterocytes of the dome villi; exudates of sloughed epithelial cells were also seen. A recent study of astrovirus infection in young turkeys 13 has shown that the virus may induce diarrhoea in the apparent absence of histological inflammation and cell death. The authors postulated that there may be a viraemic stage during infection because virus was recovered from multiple tissues, and suggested that the lack of an inflammatory response may be the result of increased activation of the cytokine transforming growth factor b during viral infection.
''Astrovirus often infects patients with human immunodeficiency virus and patients who are immunodeficient or immunocompromised''
In our study, we report for the first time the histopathological features, including immunohistochemical and electron microscopic findings, of gastrointestinal astrovirus infection in a bone marrow transplant recipient aged 4 years with diarrhoea.
CASE REPORT
The patient was a 4 year old boy who initially presented at the age of 1 month with a history of mouth ulcers and failure to thrive. Following colonoscopy and colectomy, he was diagnosed with intractable ulcerating enterocolitis of infancy, which is characterised by onset in the 1st week of life, a Crohn's disease-like enterocolitis with marked oro-anal involvement, and unresponsiveness to immunosuppressive treatment.
14 There is a high incidence of the development of Epstein Barr virus driven lymphoma, and bone marrow transplant was shown to have a beneficial effect on the patient's older brother, also affected by the same condition. He was maintained on immunosuppressive and immunoglobulin replacement treatment, but at the age of 4 years he also received a bone marrow transplant from a matched unrelated donor following fludarabine/melphalan conditioning. Routine weekly screening of stools (ileostomy fluid) by electron microscopy after the transplant first demonstrated gastrointestinal excretion of astrovirus on day 30, following which he continued to excrete virus for 62 days. Administration of oral immunoglobulin had no apparent effect on the viral load. The identification of astrovirus in all the electron microscopy positive samples was confirmed by enzyme immunoassay (Astro IDEIA; Dako, Ely, Cambridgeshire, UK). An endoscopic gastrointestinal biopsy series was carried out 10 weeks post-transplant to determine whether the cause of the diarrhoea was graft versus host disease (GVHD) or intestinal viral infection. The gastric biopsy was unremarkable. The duodenal and jejunal biopsies did not show features suggestive of GVHD, but demonstrated mild to moderate architectural alteration with villus blunting and irregularity of surface epithelial cells. There was no histologically active inflammation and no viral inclusion bodies were seen, but there was an increase in lamina propria inflammatory cell density, predominantly composed of eosinophils with scattered polymorphs, most pronounced in the duodenal biopsy ( fig 1A) . Immunohistochemical staining for adenovirus was negative in all biopsies, although the patient was shown by polymerase chain reaction to have a concurrent adenovirus viraemia. However, immunohistochemical staining with a murine astrovirus group specific monoclonal antibody (8E7), 15 using a standard protocol 16 at a 1/100 dilution with an avidin-biotin based detection system following protease antigen retrieval, demonstrated negative staining in the gastric biopsy, but progressively more extensive staining in the duodenal and jejunal biopsies (fig 1B, C) Immunostaining was predominantly restricted to the lumenal surface and the cytoplasm of the surface epithelial cells, and was most pronounced at the tips of the villi (staining of a normal control small intestinal biopsy was entirely negative, as was retrospective immunostaining of pretransplant biopsies from the index patient). Electron microscopic examination of a paraffin wax embedded small bowel biopsy, reprocessed for ultrastructural studies, demonstrated numerous viral particles within the cytoplasm of enterocytes, focally forming paracrystalline arrays ( fig 1D) .
DISCUSSION
Our study demonstrates an association between astrovirus infection of the proximal small intestine and the appearance of pronounced diarrhoea in an immunocompromised patient and, furthermore, reports the histopathological features of gastrointestinal astrovirus infection in humans in this setting, including immunohistochemical and ultrastructural findings.
Despite severe diarrhoea, the morphological abnormalities present were relatively minor and non-specific; in particular, the inflammatory response was only mild. It could be argued that because the patient was immunocompromised, the tissue reaction may be modified. This of course is true, but in this case there was good evidence of engraftment and other acute and chronic inflammatory reactions are well recognised in many other complications occurring in transplant recipients. It is most likely that the pathogenesis of astrovirus associated diarrhoea is not primarily inflammatory in nature, a finding in accordance with a recent study examining turkeys infected with astrovirus. 13 An additional study, also examining turkeys, showed only slight evidence of enteric damage with astrovirus infection, which was characterised by mild epithelial necrosis, a lamina propria inflammatory infiltrate, minimal villus atrophy, and mild crypt hyperplasia, morphological findings very similar to those in our present case. 17 In addition, a study of poults inoculated with astrovirus reported that they developed diarrhoea, which was associated with only minor histological changes throughout the small intestine, but with a significant reduction in intestinal specific maltase activity, which may have resulted in disaccharide maldigestion, malabsorption, and osmotic diarrhoea. As astrovirus was cleared from the intestinal tract, maltase activity was restored and the diarrhoea resolved. 18 19 The distribution of infected cells in our case was also similar to that previously described in lambs, in which infection involved mature columnar epithelial cells covering the apical two thirds of the small intestinal villi, with virus particles released by desquamated cells into the gut lumen. 3 In our present case, there was evidence of small intestinal, but not gastric, involvement by astrovirus, with more extensive infection in the jejunal compared with the duodenal biopsies. At all sites in which immunohistochemical staining was positive, the only significantly infected cells appeared to be surface enterocytes, particularly those near the villus tips. This apparent pronounced cellular tropism is consistent with previous reports of astrovirus infection in animals, which also suggested preferential involvement of small intestinal enterocytes. It is likely that astrovirus undergoes adsorbtive endocytosis and internalisation at the site of coated pits, but the exact mechanism of cellular entry remains unclear. Because immunohistochemical staining on paraffin wax embedded tissues for astrovirus has not been reported before, it was important to confirm that such staining represented true cellular infection, rather than either non-specific staining, cross reactivity, or the detection of bare viral protein. Therefore, electron microscopy was used as a confirmatory technique and revealed large numbers of intracytoplasmic particles, focally forming paracrystalline arrays, as previously described in animal inoculum studies.
''The distinction between graft versus host disease and infection is a relatively common, but difficult, clinical problem in bone marrow transplant and small bowel transplant recipients''
The histopathological findings of GVHD in intestinal biopsies may be subtle, with focal basal epithelial vacuolisation or apoptosis and an increase in intraepithelial lymphocytes. 20 The distinction between GVHD and infection is a relatively common, but difficult, clinical problem in bone marrow transplant and small bowel transplant recipients. The most common viral infection in this setting is adenovirus infection. In the absence of known astrovirus infection on the basis of stool virology, in our case the histopathological findings were subtle and apparently non-specific, and the diagnosis of astrovirus infection would have been impossible on histological examination alone. Immunohistochemical staining, even in paraffin wax embedded sections, appears to be a useful technique in such cases, but prospective studies of its more widespread use in immunocompromised patients are required before sensitivities for detection of infection can be determined.
Astrovirus infection may be a cause of diarrhoea in immunocompromised children and can be diagnosed on intestinal biopsies. The histopathological features are nonspecific, but in conjunction with immunohistochemistry and/ or electron microscopy, a definitive diagnosis may be made. 
